
BORING DEVICE AND BORING METHOD 

5 BACKGROUND OF THE INVENTION 
TECHNICAL FIELD 
[0001] 

The present invention relates to a boring device that uses vibrations, such as 
ultrasonic waves, to bore into an object to be bored, as well as a boring method. 

10 

BACKGROUND ART 
[0002] 

Conventionally, boring into an object to be bored has been performed by press work 
or electrical discharge. There are problems, however, with press work having poor hole 
15 accuracy and electrical discharge having high costs. In view of these problems, ultrasonic 
machining that uses ultrasonic vibrations is known as a method that can perform boring 
operations with high accuracy and low costs. 
[0003] 

As described in Patent Document 1, when using ultrasonic vibration to bore, a tool is 
20 directly mounted to an ultrasonic vibrator unit and the boring is performed while continuously 
applying ultrasonic vibrations to the tool. Patent Reference 1 further discloses the ability to 
perform ultrasonic machining on holes with very small diameters by mounting a tool with 
good vertical accuracy to an ultrasonic vibrator unit. 
[0004] 

25 Patent Document 1: Unexamined Japanese Patent Publication No. Hei 7-136818 



[0005] 

Even though the tool directly mounted to the ultrasonic vibrator as described in 
Patent Document 1 applies longitudinal ultrasonic vibration waves in the moving direction of 
the tool, the vibrations continuously being input are too fast compared to the moving speed of 
the tool. Because of this, transverse vibration waves are inevitably input to the tool. 
Consequently, the tool that receives these transverse vibration waves moves and comes into 
contact with the sidewall of the bored hole, damaging the surface of the sidewall of the hole. 
[0006] 

An object of the present invention is to provide a boring device and a boring method 
that can perform high accuracy boring. 

SUMMARY OF THE INVENTION 
[0007] 

A boring device of the present invention comprises: a boring tool; a guide for 
restricting a moving direction of this boring tool; a vibrator for applying vibrations to the 
boring tool to make the boring tool jump; and a float retention member for retaining the 
boring tool in a floating state at a specified position and for generating a restoration force to 
return the boring tool at least up to a position where it comes into contact with the vibrator 
when the boring tool is displaced from the specified position. It should be appreciated that 
the boring performed in the present invention includes not only a through hole formed by a 
punching process but also a blind hole with a bottom formed by an extrusion process. 
[0008] 

As the vibrator, an ultrasonic horn that converges ultrasonic waves generated by an 
ultrasonic vibrator and generates ultrasonic vibrations from the tip thereof, a piezoelectric 
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actuator that utilizes inertial force accompanied by rapid deformations of a piezoelectric 
device or an electrostrictive device to generate very small vibrations, a device that applies 
repeated impacts by means of an indirect impact tool such as a so-called hammer punch in 
which a hammer strikes a punch to transfer the impact force of the hammer through the punch 
5 utilizing the inertia, and the like can be used. 
[0009] 

According to the boring device of the present invention, the boring tool retained in a 
floating state at a specified position is made to jump by applying a vibration from the vibrator, 
separate from the boring tool, and strike the object to be bored while the moving direction is 
10 restricted by the guide. Since the boring tool is separated from the vibrator at this time, it 
vibrates in the moving direction, applying the force of the moving direction to the struck 
object to be bored and thereby performing the boring operation. 
[0010] 

The boring tool that strikes the object to be bored is returned at least up to a position 
15 where it comes into contact with the vibrator by a restoring force of the float retention 
member or to the original specified position before the tool jumped, for example, and once 
again receives vibrations from the vibrator and jumps. In other words, the boring tool 
repeatedly separates from the vibrator and strikes the object to be bored, thereby repeatedly 
boring the object to be bored. 
20 [0011] 

The boring device of the present invention is preferably equipped with a pressing 
device that presses the vibrator towards the boring tool. In this case, because the vibrator 
applies vibrations while the tool is pressed towards the object to be bored and then jumps 
towards the object, the boring tool has a small throw up (movement) to the object to be bored. 
25 Consequently, the boring tool gradually bores the object to be bored while moving back and 
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forth between the vibrator and the object to be bored with an amplitude smaller than the 
former case. 

5 [0012] 

According to the present invention, the boring tool is retained in a floating state at a 
specified position inside the guide that restricts the moving direction thereof, the vibrator 
applies vibrations to the boring tool to make the boring tool jump towards the object to be 
bored and then makes the boring tool strike the object to be bored, and the boring tool 

10 displaced from the specified position is returned at least up to a position where the boring tool 
comes into contact with the vibrator. This makes it possible to perform a boring operation 
using the boring tool applying vibrations to the object to be bored in the moving direction. 
Because of this, shifting outside the moving direction of this boring tool can be prevented and 
a highly accurate boring operation can be obtained. 

15 [0013] 

In addition, making the boring tool jump while being pressed towards the object to 
be bored reduces the throw (movement) of the boring tool up to the object to be bored. The 
boring tool gradually bores the object to be bored while moving back and forth between the 
vibrator and the object to be bored at a small amplitude, thereby reducing the impact force 
20 applied to the tip of the boring tool. This makes it possible to extend the life of the boring 
tool. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] 

[Fig. 1] is an outlined cross section illustrating the boring device in one embodiment 
25 of the present invention. 
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[Fig. 2A] illustrates the boring process using the boring device of Fig. 1. 

[Fig. 2B] illustrates the boring process using the boring device of Fig. 1. 

[Fig. 2C] illustrates the boring process using the boring device of Fig. 1. 

[Fig. 2D] illustrates the boring process using the boring device of Fig. 1. 
5 [Fig. 2E] illustrates the boring process using the boring device of Fig. 1. 

[Fig. 2F] illustrates the boring process using the boring device of Fig. 1. 

[Fig. 3A] is an enlarged view of the contact area between a punch and a work; the 
figure also illustrates the boring process when forming a blind hole with a bottom. 

[Fig. 3B] is an enlarged view of the contact area between a punch and a work; the 
10 figure also illustrates the boring process when forming a blind hole with a bottom. 

[Fig. 4A] illustrates the boring process accompanied by a pressing action using a 
pressing device. 

[Fig. 4B] illustrates the boring process accompanied by a pressing action using the 
pressing device. 

15 [Fig. 4C] illustrates the boring process accompanied by a pressing action using the 

pressing device. 

[Fig. 4D] illustrates the boring process accompanied by a pressing action using the 
pressing device. 

[Fig. 4E] illustrates the boring process accompanied by a pressing action using the 
20 pressing device. 

[Fig. 4F] illustrates the boring process accompanied by a pressing action using the 
pressing device. 

DESCRIPTION OF THE REFERENCE NUMERALS 
25 [0015] 
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1 : ultrasonic hone 
2: punch 
2a: head 

2b: processing portion 
5 2c: body shank 

3: guide bush 
3a, 3b: guide hole 
4: elastic body 
5: die 

10 5a: boring hole 

6: pressing device 

DETAILED DESCRIPTION OF THE INVENTION 
[0016] 

15 Fig. 1 is an outlined cross section illustrating the boring device in one embodiment of 

the present invention, and Figs. 2A to F show the boring process using the boring device of 
Fig. 1. 
[0017] 

As shown in Fig. 1, the boring device in this embodiment comprises: an ultrasonic 
20 horn 1 that functions as a vibrator; a punch 2 that functions as a boring tool that bores a 
workpiece W which is an object to be bored; a guide bush 3 that guides the punch 2 in a 
moving direction; an elastic body 4 that functions as a float retention member to retain the 
punch 2 in a floating state on the guide bush 3; a die 5 that functions as a boring tool formed 
in pairs with the punch 2; and a pressing device 6 that presses the ultrasonic horn 1 towards 
25 the die 5 or the workpiece W. 
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[0018] 

The ultrasonic horn 1 converges ultrasonic waves generated by an ultrasonic vibrator 
(not shown) and generates ultrasonic vibrations from a tip thereof. The ultrasonic horn 1 and 
the punch 2 are not fixed. Because of this, when vibrations are applied to a back end (a head 
5 2a) of the punch 2 by the ultrasonic horn 1, the punch 2 jumps and moves separating from the 
ultrasonic horn 1. 
[0019] 

The punch 2 has the head 2a on which vibrations are applied by the ultrasonic horn 1, 
a processing portion 2b that comes into contact with the workpiece W to perform the boring, 
10 and a body shank 2c that connects the head 2a and the processing portion 2b. The punch 2 is 
retained in a floating state at a specified position (position shown in Fig. 2A) by the elastic 
body 4 provided between the head 2a and the guide bush 3. 
[0020] 

The area where the head 2a of the punch 2 comes into contact with the ultrasonic 
15 horn 1 has an arc (i.e., spherical) surface as shown in Fig. 1. If both of the ultrasonic horn 1 
and the punch 2 coming into contact with each other have flat surfaces and if either of the 
surfaces is slightly sloped (i.e., either the horn 1 or the punch 2 is slightly inclined), partial 
contact will occur and it will become difficult for the punch 2 to strike downward in a straight 
direction. In contrast to this, if the head 2a of the punch 2 has an arc surface or more 
20 preferably a spherical surface, the head 2a of the punch 2 and the ultrasonic horn 1 always 
come into contact at a point close to the center axis of the punch 2 and it becomes easier for 
the punch 2 to strike downward in a straight direction. The shape of the cross section of the 
tip of the processing portion 2b of the punch 2 can be any shape such as a circular shape, a 
blade shape, a square shape, a triangle shape, or an oval shape. 
25 [0021] 
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The elastic body 4 has a restoration force that returns at least to a position where 
contact is made with the ultrasonic horn 1 and, as an example, to the specified position shown 
in Fig. 2A. This restoration force returns the punch 2 that has been displaced from the 
specified position to the specified position. The elastic body 4 comprises a spring (plate 
5 spring, coil spring, spiral spring, air spring, or rubber), a damper, or a combination of these for 
example. 
[0022] 

The die 5 holds the workpiece W along with the punch 2. In addition, the die 5 has 
a boring hole 5a that corresponds to the processing portion 2b of the punch 2 and a tapered 
10 hole 5b communicating with the boring hole 5a. The tapered hole 5b expands in a boring 
direction, that is, in a direction from an area connected to the boring hole 5a towards a lower 
side (open side) of the die 5. This tapered hole 5b easily discharges punch scraps generated 
after the processing downward and makes it difficult for the punch scraps to clog the hole. 
[0023] 

15 The guide bush 3, in order to restrict the moving direction of the punch 2, has a 

cylindrical guide hole 3a inside of which the head 2a of the punch 2 slides and a cylindrical 
guide hole 3b inside of which the processing portion 2b of the punch 2 slides. The operation 
of the body shank 2c of the punch 2 is restricted to only in an axial direction using these guide 
holes 3a and 3b. The elastic body 4 described above is arranged between a lower end of the 

20 guide hole 3a and the head 2a of the punch 2. 
[0024] 

The head 2a of the punch 2, the body shank 2c, the processing portion 2b, and the 
guide holes 3a and 3b of the guide bush 3 are formed in a stepped shape with the diameter 
becoming smaller towards the boring direction of the punch 2. The purpose of this shape is 
25 to adjust the mating at the head 2a of the punch 2 with the largest diameter and the guide hole 
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3a as well as to provide play in the processing portion 2b and the guide hole 3b. The reason 
for providing play in the processing portion 2b and the guide hole 3b is to prevent the tip of 
the processing portion 2b from being damaged due to deformation such as bending or 
buckling caused by excessive stress received. 
5 [0025] 

The elastic body 4 is also retained so as to be held between the stepped portion 
between the head 2a and the body shank 2c of the punch 2 and the stepped portion of the 
guide holes 3a and 3b. This type of retained state makes it possible to retain the punch 2 in a 
floating state by the simplest structure. Although not shown in the figures, the punch 2 can 
10 be retained in a floating state by providing an elastic body on the outside of the guide holes 3a 
and 3b. 
[0026] 

In a plastic processing device having the structure described above, when the 
ultrasonic horn 1 generating ultrasonic vibration waves is brought into contact with the head 

15 2a of the punch 2 as shown in Fig. 2A, ultrasonic vibration waves from the ultrasonic horn 1 
are applied to the punch 2 and the punch 2 separates from the ultrasonic horn 1 jumping 
towards the workpiece W. At this time the operation of the head 2a and the processing 
portion 2b of the punch 2 is restricted to only in the axial direction by the guide holes 3a and 
3b of the guide bush 3. Accordingly, the punch 2 moves straight towards the workpiece W 

20 without swinging from side to side and then arrives at the workpiece W. 
[0027] 

Thereafter, as shown in Fig. 2B, the restoration force of the elastic body 4 makes the 
punch 2 jump towards the ultrasonic horn 1 and then as shown in Fig. 2C, return to the initial 
position of the punch 2. Further, the punch 2 receives an application of ultrasonic vibration 
25 waves from the ultrasonic horn 1 once again and jumps towards the workpiece W. When the 
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punch 2 arrives at the workpiece w as shown in Fig. 2D, the restoration force of the elastic 
body 4 once again makes the punch 2 jump towards the ultrasonic horn 1 and be returned. 
[0028] 

In this manner the punch 2 is repeatedly separated from the ultrasonic horn 1 and 
5 strikes the workpiece W (refer to Figs. 2D and 2E). Thus, the workpiece W undergoes high 
accuracy boring by the repetitive force received from the punch 2 (refer to Fig. 2F). 
[0029] 

In the above-mentioned embodiment, an example of forming a through hole by a 
punching process was described as an example of a boring process. However, a blind hole 
10 with a bottom can also be formed by an extrusion process using this boring device. Fig. 3 A 
and Fig. 3B are enlarged views of the contact area between the punch 2 and the workpiece W 
and illustrate the boring process when forming a blind hole with a bottom. 
[0030] 

In like manner to above, the operation to apply vibrations using the ultrasonic horn 1 
15 and to make the processing portion 2b of the punch 2 (that jumped) repeatedly strike the 
workpiece W as shown in Fig. 3A repeats and the workpiece W is extruded towards the boring 
hole 5a of the die 5 as shown in Fig. 3B. The blind hole C provided with the bottom B is 
formed by this operation. 
[0031] 

20 In the above-mentioned embodiment, an example was described in which the boring 

process was performed with the position of the ultrasonic horn 1 fixed and the pressing device 
6 not driven during the boring process. However, the process can also be performed while 
pressing the ultrasonic horn 1 towards the workpiece W using this pressing device 6 during 
the boring process. 

25 [0032] 
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Figs. 4 A to F illustrate the boring process accompanied by a pressing action using 
the pressing device 6. 

In this case, at first, the ultrasonic horn 1 and the punch 2 are statically pressed by the 
pressing device 6 until the tip of the body shank 2c of the punch 2 comes into contact with the 
5 upper surface of the workpiece W as shown in Fig. 4A and Fig. 4B. Next, the ultrasonic 
horn 1 applies ultrasonic vibration waves to the punch 2 while the pressing device 6 is 
pressing (refer to Fig. 4C). 
[0033] 

At this time, the punch 2 separates from the ultrasonic horn 1, jumps (is pushed) 
10 towards the workpiece W, jumps back to the ultrasonic horn 1 by the restoration force of the 
elastic body 4, and then comes into contact with the ultrasonic horn 1. The punch 2 repeats 
this operation to perform high accuracy boring on the workpiece W (refer to Fig. 4D, Fig. 4E, 
and Fig. 4F). Since the punch 2 jumps while being pressed towards the workpiece W by the 
pressing device 6, the distance up to the workpiece W is short. 
15 [0034] 

Consequently, the punch 2 gradually bores the work W at a small amplitude while 
moving back and forth between the ultrasonic horn 1 and the workpiece W. Since this 
reduces the impact force applied to the tip of the punch 2, the life of the punch 2 can be 
extended. When the workpiece W is made of a fibrous material, a thick material, or a 
20 composite material, it is preferable to perform the process while the pressing device 6 presses 
the ultrasonic horn 1 towards the workpiece W. 
[0035] 

The pressing speed of the pressing device 6 is approximately the plate thickness 
(mm) x 0.05 - the plate thickness (mm) x 5 (/second). In other words, when the plate 
25 thickness is 1 mm, the speed is most preferably 0.05 to 5 mm/second. The ultrasonic 
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frequency is approximately 20 to 80 kHz and the optimum ultrasonic frequency is 40 kHz. 
Although the ultrasonic wave output will greatly change depending on the material of the 
workpiece W 5 the optimum output is approximately 50 to 1000 W. For example, the output 
is approximately 500 to 800W with a 0.5 to 1 .0 mm thick steel plate and approximately 200 to 
5 400 W with a 0. 1 mm thick foil. 

INDUSTRIAL APPLICABILITY 
[0036] 

The present invention is useful as a device and a method to bore an object to be 
10 bored utilizing vibrations such as ultrasonic waves. In particular, the present invention is 
suitable for high accuracy boring processes. 



